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Naturalistic driving studyTrafﬁc accident statistics suggest that the human errors contributing to major crash types in Japan are
predominantly failures in safety conﬁrmation and hazard recognition that result in delayed response. A
naturalistic driving data acquisition system was developed to investigate the human factors that contribute
to such accidents. A preliminary analysis was performed to evaluate the efﬁciency of the collected
naturalistic data. An analysis of vehicle-to-motorcycle conﬂict data demonstrated that types of recognition
failure differ by types of trafﬁc situation encountered. This result suggests that naturalistic driving data can
provide valuable information for investigating the factors that contribute to the risk of human error.© 2010 International Association of Trafﬁc and Safety Sciences. Published by Elsevier Ltd. All rights reserved.1. Introduction
In recent years, advances in collision safety technology have
dramatically improved automobile safety. Trafﬁc accident statistics
released by the National Police Agency Trafﬁc Bureau [1] indicate that
there were fewer than 5000 trafﬁc accident fatalities in 2009, a dramatic
decrease from the 9000 fatalities recorded ten years before. The number
of accidents, however, exceeded 730,000—a drop of only 15% from
850,000 over the sameperiod.Making road transportation safer requires
appropriate preventative safety measures based on more detailed
research of the contributing factors and scenario that result in accidents.
Studies of the factors that cause accidents have typically been
based on police reported trafﬁc accident statistics. For example, Treat
et al. [2] concluded that roughly 90% of accidents involved driver
errors, indicating the importance of analyzing human factors in the
process of accident occurrence. However, because the data underlying
trafﬁc accident statistics is derived from testimony by those directly
involved, it is better suited to analyzing what happened than to
analyzing why it happened [3].
In recent years, therefore, ﬁeld driving studies in the United States
have sought to investigate accident causes by collecting data for accidents
and near-miss incidents recorded during actual on-road driving under
naturalistic conditions. The ﬁrst such large-scale instrumented vehicle
research was the National Highway Trafﬁc Safety Administration's
(NHTSA) “100-Car Naturalistic Driving Study” [4]. This research equipped
100 ordinary automobiles with video cameras and various sensors to
record trafﬁc conditions, driving behavior andvehicle behavior before and
after critical incidents. Themajorityof thedriversdrove their ownvehiclesssociation of Trafﬁc and Safety Scie(78 out of 100 vehicles). Datawas collected for approximately 9000 near-
misses (761 near-crashes and 8295 incidents); video data from in-vehicle
cameras capable of coding driver gaze behaviors also enabled detailed
analysis of inattention and distractions [4].
In Japan, a 2005 Ministry of Land, Infrastructure and Transportation
project conducted a ﬁeld driving study using taxis equipped with video
drive recorders.[5] The primary objective of the research, however,was to
determine whether the installation of driving data acquisition systems
was effective in reducing the number of accidents. The Japan Automobile
Research Institute, therefore, developed a naturalistic driving data
acquisition system in order to analyze human factors in critical situations
(during near-misses) and initiated a ﬁeld driving study in 2006 [6]. Data
for 1124 near-misses was collected over the course of two years of
research involving as many as 60 driving data acquisition system
equipped vehicles at a time.
This paper discusses the effectiveness of the developed naturalistic
driving data acquisition system in accident causation research by
describing the collection of incident data in the 2006 ﬁeld driving
study, which ended in December 2008. Preliminary analysis of
incident data which involved a right turning vehicle at intersections
was conducted to evaluate the efﬁciency of the collected naturalistic
data. Contributing/causing factors were extracted from the analysis,
then an experiment that reproduced the typical critical right turning
situation was performed to study the causes and effects (Fig. 1).
2. Driving data acquisition system
2.1. System overview
Police reported accident statistics were used to consider the speciﬁca-
tions for a naturalistic driving data acquisition system. Fig. 2 presents thences. Published by Elsevier Ltd. All rights reserved.
Fig. 2. Distribution of trafﬁc accident types in Japan (2004). (Source: Institute for Trafﬁc
Accident Research and Data Analysis).
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culpable party in 2004. Four predominant accident types, “Rear-end,
Crossing, Right turn and Pedestrian”, were found. These four accident
types account for nearly 80% of the total number of crashes involving
passenger vehicles. In response a driving data recorder was developed to
collect sufﬁcient data for analyzing these major accident types.
The recorder collected data on active safety to analyze primary
human factors involved in the accident types. The factors related to
recognizing the other party such as “not watching where one is going
(taking one's eyes off the road)” and “failure to make safety checks” or
related to evaluating the state of the other party such as “failure to see
movement” [4].
The system is composed of elements including CCD cameras, GPS,
vehicle sensors, a recorder, and a power supply control unit. The main
body permits ﬁve-channel video input; the ﬁve screen images are
combined into a single image using a videomixer and recorded as video
data. In addition, input video is also synchronized with vehicle sensor
information (GPS location, speed, accelerator pedal position, etc.) and
recorded on a hard disk drive (40 GB or 120 GB) at a frame refresh rate
of 30 fps. The system records up to 40 s of data when triggered by
vehicle sensor threshold values for parameters such as acceleration or
by other user-deﬁned values. Fig. 3 describes the system conﬁguration.
2.2. Speciﬁcations of driving data acquisition system
2.2.1. Recorder unit
Speciﬁcations for the main recording unit that synchronizes video,
audio and sensor data:
1. Recording quality
• Video: 720×480 pixels (30 fps, AVI ﬁle format)
• Audio: PCM (44 KHz, 16 bit, stereo)
2. Recording duration
• Pre-trigger: 30 s (ﬁxed)
• Post-trigger: 10 s (ﬁxed)
3. Data volume and recording media
• Approximately 150 MB per incident
• Recorded to USB hard disk drive (120/40 GB)
2.2.2. Video data
To improve image quality (perceived resolution), ﬁve 1/4″ CCD
cameras with glass lenses were used. For each camera, the horizontal
angles of view are as follows:
1. Forward view (horizontal angle of view: 53°)
2. Right-side forward view (horizontal angle of view: 85°)
3. Left-side forward view (horizontal angle of view: 85°)
4. Driver's face (horizontal angle of view: 53°)
5. Pedal/feet (horizontal angle of view: 115°)Fig. 1. Steps to clarify the mechanism of accident occurrence.Cameras for ﬁlming outside the car (1–3) were installed behind
the rear-view mirror, cameras for ﬁlming the driver's face (4) were
installed above the rear-view mirror, and cameras for ﬁlming the
pedals/feet were installed under the driver-side dashboard (Fig. 4).
2.2.3. Numerical data
Table 1 indicates the numerical data recorded by the naturalistic
driving data acquisition system.
2.2.4. Trigger methods
While using acceleration and deceleration as primary triggers, to
avoid triggers from driving on rutted roads etc., that would lead to
useless data, the threshold values for acceleration and deceleration
depending on use of the brake (AND conditions), were varied as
follows:
1. Deceleration of 0.35G or more AND brake ON
2. Deceleration of 1.00G or more AND brake OFF
3. Acceleration of 0.50G or more AND brake ON
4. Acceleration of 0.80G or more AND brake OFF
5. Lateral acceleration of 0.50G or more (no AND condition).3. Field driving study
Company cars used by businesses were outﬁtted with driving data
acquisition systems, and ﬁeld data was collected during their
operation for normal business activities. An overview of the ﬁeld
driving study methodology is presented below.
3.1. Period of data collection
The ﬁeld driving study was initiated in September 2006 using
three vehicles equipped with driving data acquisition systems.
Subsequently, data collection using 20 vehicles began from January
2007, with the number of vehicles increased again to 60 from July
2007. The ﬁeld driving study continued through December 2008;
approximately two years worth of data was collected for the vehicles
that were studied the longest.
3.2. Test vehicles
Among the 60 vehicles equipped with driving data acquisition
systems, 35 were, 1500 cc-class wagons and 25 were small sedans in
the class. Included in this group was one vehicle administered by the
Japan Automobile Research Institute.
Fig. 3. Conﬁguration for the naturalistic driving data acquisition system.
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Primary drivers for the ﬁeld driving study ranged in age from in
their twenties to in their ﬁfties. Fifty-eight were male and two were
female. Due to concern for the protection of personal information,
these ﬁgures are estimates based on visual review of the recorded
video data. The 16 regions where the 60 vehicles were primarily
driven are listed in Table 2.
3.4. Data classiﬁcation
A full-time analyst, working with reference to previous research
[1], evaluated the data collected by the driving data acquisitionFig. 4. Five-channel split-screen display for video analysis.systems, sorting it into near-miss data to be analyzed and other data
based on the following deﬁnition:
Near-miss data
Abnormal driving data in which there was the possibility of a collision
had nothing been done about the hazardous situation (event) that
occurred.
In addition, data sorted as near-miss data using the above criteria
was also categorized by the accident types used in trafﬁc accident
statistics in Japan(rear-end, broadside, right turn, andpedestrian) based
on the anticipated result if the driver had not taken action to respond.3.5. Field driving study results
During data collection period, 1124 incidents were observed. Fig. 5
indicates the number of incidents for each conﬂict corresponding toTable 1
Numerical data from the naturalistic driving data acquisition system.
Sensor Parameter Unit Frequency Notes
GPSa Position Latitude,
longitude
4 Hz N13434.256, E04523.236
Speed 0.1 km/h 4 Hz 65.2
Date Year, month,
day
4 Hz 20060129
Time Hour, min, s 4 Hz 124535
(12 h 45 m 35 s)
Direction Deg 4 Hz 035
(clockwise 35 deg)
Angular velocity Deg/s 4 Hz 025 (25 deg/s)
G sensor XY acceleration 0.01G 10 Hz Max 2.0G
OBDb Throttle % 10 Hz Full throttle 100%
Steering
sensor
Steering Angle Deg 10 Hz If available
Digital
switch
Brake On/off 10 Hz Lamp on/off
Turn signal (L) On/off 10 Hz Lamp on/off
Turn signal (R) On/off 10 Hz Lamp on/off
a Global positioning system.
b Onboard diagnostic.
Table 2
Locations for ﬁeld driving study.
Region Number of vehicles
Miyagi prefecture 4
Ibaraki prefecture (southern) 3
Ibaraki prefecture (northern) 3
Chiba prefecture (southern) 3
Chiba prefecture (northern) 1
Saitama prefecture (southern) 1
Saitama prefecture (northern) 2
Tokyo metropolis (eastern) 2
Tokyo metropolis (western) 9
Kanagawa prefecture (central) 4
Kanagawa prefecture (eastern) 14
Nagano prefecture 2
Shizuoka prefecture 2
Aichi prefecture 4
Osaka prefecture 5
Hyogo prefecture 1
Total: 16 Regions Total: 60
NOTE: these regions range from heavy trafﬁc conditions in like Tokyo met. area to
relatively quiet road areas.
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four major crash types was over 100, and the distribution had a trend
in accident statistics data similar to Fig. 2.4. Preliminary analysis of contributing factors
While the data was still being collected, it was used in preliminary
analysis to examine the potential for analyzing the process of near-
miss incidents.
A striking number of accidents, whether with oncoming vehicles
or pedestrians, involved vehicles making right turns at intersections,
making this an accident type for which causal factor analysis is
particularly important. Therefore 63 near-miss incidents involving
vehicles making right turns at intersections, using video data to
identify the causes of the hazardous situations were analyzed.
Speciﬁcally, the data was categorized by conﬁgurations of conﬂicts,
subject vehicle behaviors, and the presence or absence of visual
obstructions.
Fig. 6 presents the results of the analysis as a tree diagram. Typical
near-miss incidents are described in the circled text in the diagram's
bottom row. As this diagram shows, more than 60% of the near-miss
incidents in right turn situations for which data was collected were
“right-straight” near-misses (Left turn across pass–opposite direction
(LTAP–OD) in right-hand trafﬁc: 42 incidents). 23 incidents wereFig. 5. Number of near-miss incidents by trafﬁc accident type.near-misses that occurred when making a right turn (the subject
vehicle was the primary party). Further examination of these 23
incidents of “right-straight” near-misses showed that in 12 incidents
there was no visual obstruction. Of causes a right turn signaling error
by the oncoming vehicle (signaling but not actually turning) caused a
conﬂicting situation in 5 cases. Among the 11 other incidents with a
visual obstruction, 6 cases involved an oncoming right turning vehicle
obstructing a vehicle going straight which emerged from behind it. In
other words, it was identiﬁed that for nearly half of all “right-straight”
near-miss incidents, the subject vehicles' right turn were coincident
with an oncoming vehicle's right turn maneuvers.
As the results above show, the sample of right turn near-misses
collected with driving data acquisition systems has the following
characteristics:
• Two-thirds of the right turn near-miss situations were “right-
straight” near-misses (A car driver turning right across an opposing
vehicle's right of way).
• Among “right-straight” near-misses in which the subject vehicle
was turning right, half involved the subject vehicle timing its own
right turn with that of an oncoming vehicle.
• Furthermore, half of the “right-straight” near-misses involved a
view of the vehicle going straight being impeded by another vehicle,
typically an oncoming vehicle turning right.
Fig. 7 presents a typical example of a right turn near-miss incident
with visual obstruction, taken from the data collected with the driving
data acquisition system. After the driver initiates a right turn, as he
makes a visual check in the direction of the turn, a motorcycle going
straight emerges from behind an oncoming vehicle turning right
(Fig. 7, panel 3), with brake reaction time taking about 0.6 s.
5. Reproducing near-miss situation
A preliminary analysis of naturalistic driving data suggested that
other oncoming cars signaling with a right directional indicator
frequently obstruct the line of sight to an approaching vehicle (Fig. 7).
To examine the interaction between driving maneuvers and encoun-
tered trafﬁc situations, we conducted a closed course experiment
using a typical scenario extracted from the collected driving data. We
also studied right turn behavior patterns that lead to delayed
recognition of motorcycles going straight.
5.1. Methods
5.1.1. Participants
Thirteen drivers (aged in their twenties to ﬁfties, 7 male and 6
female) licensed for at least three years.
5.1.2. Setting
A closed course experiment was conducted at the Japan Automobile
Research Institute, establishing a driving course that included two right
turns at a signalized intersection (one lane in each direction) and
required about 2 min per lap. An instrumented test vehicle driven by
participants followed a lead vehicle (passenger car) along a predeﬁned
course.
During the test, drivers encountered a “right-straight” situation
with a motorcycle, which was accompanied by visual obstruction only
on the fourth lap after three practice laps, which are as follows:
• Driver follows lead vehicle into small-scale intersectionwith one lane
in each direction and waits for oncoming vehicles to pass through.
• As test vehicle approaches intersection, three oncoming vehicles
also approach (the ﬁrst is going straight while the second and third
are turning right).
Fig. 6. Details of near-misses in right turn situations.
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through, test vehicle follows lead vehicle in turning right through
intersection.
• On the fourth lap only, amotorcycle going straight emerges from the
blind spot behind the third oncoming vehicle (which is turning
right).
Furthermore, during the right turn at the signaled intersection, the
test vehicle followed the lead vehicle in slowing (stopping) before
initiating their right turns, but test drivers made their own decisions
about whether or not to proceed through the right turn and when to
begin to do so. Fig. 8 indicates the conﬁguration used in the test for the
“right-straight” near-miss situation with an oncoming motorcycle
going straight.
5.1.3. Equipment
A passenger vehicle (automatic transmission 2500 cc) was used as
a test vehicle. Driver gaze behavior was measured and synchronized
with driving operations, vehicle speed, acceleration and other vehicle
behavior data. Driver gaze behavior was recorded using head-
mounted eye tracking and motion measurement equipment (NAC
Image Technology EMR-8 eye-mark recorder). Driving operations and
vehicle behavior data was measured and synchronized with drivergaze behavior using in-vehicle measurement equipment (DEWETRON
Data logger). Video analysis was conducted using images from the
eye-mark recorder and images of the driving scene taken from outside
the test vehicle.
5.1.4. Dependent variables
In order to assess the degree to which a near-miss situation had
actually been created, we sought post-test evaluations using a seven-
step subjective scale for surprise, ranging from “1) Not surprised at
all” to “7) Very surprised.” In addition to the subjective scale, brake
reaction time was adopted as a measure of performance in detecting
an oncoming motorcycle. Brake reaction time was measured from the
moment when the motorcycle going straight appeared in the
participant's ﬁeld of view to the moment just before the participant
began to apply the brake pedal, and calculated based on video data. In
addition, in order to analyze gaze behavior during the right turn at the
intersection, we computed directional gaze duration using video data
from the eye-mark recorder. Gaze behavior analysis was performed
for the period from the moment the text vehicle entered the
intersection (the moment the front of the vehicle reached the
inﬂow-side crosswalk) to the moment the participant detected the
motorcycle going straight and began reacting by applying the brake
pedal.
Fig. 7. Example of “right-straight” near-miss with visual obstruction. (Near-miss when turning right at an intersection, with amotorcycle going straight that emerges from behind an
oncoming vehicle).
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The average score for degree of surprise among the 13 participants
was 6.1, exceeding “6) Surprised,” suggesting the validity of the near-
miss situation reproduction.
5.2.1. Brake reaction time
Table 3 presents the brake reaction times measured for each of the
13 participants together with their degree of surprise and whether
they applied the accelerator pedal to initiate the right turn. As shown
in the table, the average time from the appearance of the motorcycle
from the blind spot behind the oncoming right turn vehicle until the
driver began to apply the brake pedal (brake reaction time) was 0.7 s.
In addition, a difference in brake reaction time was found among
the participants depending on whether or not they had applied the
accelerator pedal to initiate the right turn (decided to initiate the right
turn). Fig. 9 presents the difference in average brake reaction time by
application of the accelerator to initiate the right turn. The 9
participants who applied the accelerator required more than twice
the brake reaction time as the 4 participants who did not.
Fig. 10 presents sample data from right turn near-miss conditions
(participant number 13). As shown in the ﬁgure, as the driver applies
the accelerator to initiate the right turn and looks in the direction of
the turn, the motorcycle going straight emerges from behind the
oncoming vehicle turning right, leading to the same delay in detection
observed in actual near-miss incidents (Fig. 7).
5.2.2. Gaze direction and brake reaction time
To look into the cause of this delay in reaction time, we
investigated the relationship between brake reaction time and gaze
direction following the appearance of the motorcycle going straight. It
was found that 8 from 9 participants who had decided to initiate theright turn (had applied the accelerator pedal) spent longer looking
away from the opposite lane (Fig. 11). Brake reaction time evidently
increased for participants who looked away from the opposite lane at
the same time as the appearance of the oncoming motorcycle (those
within the dotted line).
5.2.3. Analysis of visual scanning directions after pressing the accelerator
to turn right
We looked at the 9 participantswhodecided to initiate the right turn
(applied the accelerator pedal) prior to the appearance of the
motorcycle going straight to see what differences there were in the
distribution of gaze direction around the time of switching to the
accelerator pedal. The period selected for analysis spans from entry into
the intersection (Fig. 10, number 1) to the start of braking (Fig. 10,
number 4).
As presented in Fig. 12, the results show that the rate at which gaze
was directed in the direction of the turn increased following initiation
of the right turn (after application of the accelerator). This visual
scanning in the direction of the turn is thought to be related to
controlling the vehicle through the turn and to making a safety
conﬁrmation in the direction of the turn, but appears to lead to a
obvious delay in detection when occurring simultaneously with the
appearance of a motorcycle going straight.
5.3. Discussion
The results indicated the following points about causes and
implications of prevention:
• Participants who experienced near-misses were distinguished by
initiation of the right turn (application of the accelerator pedal)
prior to the appearance of the motorcycle going straight from the
Fig. 8. Setting for “right-straight” near-miss situation with oncoming motorcycle.
28 N. Uchida et al. / IATSS Research 34 (2010) 22–30blind spot behind the oncoming vehicle turning right, and by gaze
direction away from the opposite lane.
• In addition, the longer their gaze was directed away from the
opposite lane the greater their delay in detecting the motorcycle
going forward and the more pronounced the near-miss.Table 3
Degree of surprise, reaction time, and application of accelerator to turn right.
Participant
number
Degree of
surprise
Brake reaction
time (s.)
Decision to initiate right turn /
application of accelerator
6 7 1.7 Yes
11 7 1.2 Yes
4 6 0.9 Yes
13 7 0.9 Yes
7 7 0.9 Yes
2 6 0.8 Yes
14 7 0.6 Yes
12 7 0.5 Yes
8 6 0.5 Yes
1 6 0.3 No
10 6 0.5 No
5 5 0.6 No
9 2 0.4 No
Avg. 6.1 0.7
SD 1.4 0.4• On the other hand, participants who did not experience near-misses
never initiated their turningmaneuver until a blind spot made by an
oncoming right turning vehicle became clear.
The results suggested that drivers' right turn decisionmaking, which
was induced by an oncoming right turning vehicle in the opposite lane,
can be a crucial contributing factor for right turn accidents at
intersections (Left turn across pass–opposite direction (LTAP–OD) in
right-hand trafﬁc). Although further analysis concerning interactionsFig. 9. Average brake reaction time by application of accelerator to turn right.
Fig. 10. Sample data from “right-straight” near-miss reproduction experiment.
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research based on naturalistic driving data analysis is a promising
approach for active safety research.
6. Conclusions
This paper described a two-year ﬁeld driving study using driving
data acquisition systems, and discussed the effectiveness of near-missdata for understanding accident causations, especially human factors.
Incidents at intersections between vehicles turning right and motor-
cycles going straight were especially analyzed, and several contributing
factors for recognition failure were identiﬁed. In addition, by reprodu-
cing a typical critical situation, we were able to study the causes and
effects. Further analysis of naturalistic driving data for understanding
contributing factors will provide precise knowledge about trafﬁc
accident causation mechanisms.
Fig. 11. Brake reaction time and total duration of glances at directions other than
opposite lane after appearance of motorcyclist.
Fig. 12. Difference in distribution of gaze direction between before and after pressing
accelerator to turn right.
30 N. Uchida et al. / IATSS Research 34 (2010) 22–30This report summarizes in part the results of a project (four years
beginning F2005) by the Japan Automobile Manufacturers Association
working group for research using driving data acquisition systems.References
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